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ments,	 there	 is	only	 rudimentary	understanding	of	 the	distribution	and	effects	of	
plastics	in	other	ecosystems.	Here,	we	review	the	transport	and	effects	of	plastics	




catchments	are	poorly	quantified.	Early	 indications	are	 that	 rivers	are	hotspots	of	
plastic	pollution,	supporting	some	of	the	highest	recorded	concentrations.	River	sys‐
tems	are	also	likely	pivotal	conduits	for	plastic	transport	among	the	terrestrial,	flood‐
plain,	 riparian,	 benthic	 and	 transitional	 ecosystems	 with	 which	 they	 connect.	
Although	ecological	effects	of	micro‐	and	nanoplastics	might	arise	through	a	variety	
of	physical	and	chemical	mechanisms,	consensus	and	understanding	of	their	nature,	




comprehensive	 investigations	of	plastic	pollution	 in	ecosystems	 to	guide	effective	
management	action	and	risk	assessment.	This	is	reliant	on	(a)	expanding	research	to	
quantify	 sources,	 sinks,	 fluxes	and	 fates	of	plastics	 in	 catchments	and	 transitional	
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1  | INTRODUC TION
Plastic	 waste	 production	 across	 the	 globe	 has	 reached	 approxi‐










of	 plastic	 is	 variable	 across	 studies,	 yet	 here	we	 identify:	 nano‐	
(<100	nm),	 micro‐	 (0.0001–5	mm),	 meso‐	 (5–25	mm)	 and	 mac‐
roparticles	(>25	mm).	Once	in	situ	within	ecosystems,	degradation	
and	fragmentation	processes	make	the	identification	and	removal	
of	 these	 plastic	 particles	 difficult,	 particularly	 the	 smaller	 size	
fractions.	Problems	in	managing	plastic	pollution,	however,	begin	





Svendsen,	 Williams,	 Spurgeon,	 &	 Lahive,	 2017;	 Wagner	 et	 al.,	
2014).	While	crude	estimates	of	environmental	plastic	fluxes	have	
been	 attempted,	 a	more	 detailed	 understanding	 of	 the	 sources,	
fluxes	and	effects	of	these	anthropogenic	pollutants	 in	time	and	
space,	 and	 a	more	 comprehensive	quantification	of	 their	 fate,	 is	
now	required	urgently	to	determine	the	risks	to	people	and	eco‐
systems	across	the	globe	 (de	Souza	Machado,	Kloas	et	al.,	2018;	
Horton	 &	 Dixon,	 2017;	 Nizzetto,	 Bussi,	 Futter,	 Butterfield,	 &	
Whitehead,	2016).
Large	production	volumes,	long‐term	environmental	persistence	
and	 potential	 ecological	 effects	 are	 now	 increasing	 attention	 on	
plastic	pollution	(Thompson,	Swan,	Moore,	&	vom	Saal,	2009).	The	
variety	of	plastic	sizes	(microns	to	metres)	and	characteristics	(e.g.	
shape,	 physical	 and	 chemical	 properties)	make	 this	 group	of	 pol‐
lutants	particularly	diverse	(Rochman,	2015).	In	turn,	the	diversity	
and	ubiquity	of	plastic	particles	within	natural	systems	means	that	




2015).	 Although	 existing	 information	 indicates	 the	 potential	 for	
effects	 across	 biological	 communities	 and	 human	 populations	
(Halden,	2010),	understanding	of	the	effects	of	plastic	pollution	on	
people	and	ecosystems	remains	constrained.	Furthermore,	despite	
widely	 identified	 interactions	 between	 organisms	 and	 plastics,	





realistic	 concentrations	 and	plastic	 characteristics	 (Phuong	et	 al.,	
2016).	Emerging	reviews	have	started	to	collate	real	or	predicted	




In	 this	 review,	 we	 evaluate	 critically	 the	 existing	 evidence	 on	
the	 fluxes	 and	 effects	 of	 plastic	 pollution	 from	 a	 catchment‐scale	
perspective.	 We	 focus	 particularly	 on	 freshwater	 ecosystems	 as	
highly	connected	networks	through	which	plastics	are	transported	
from	sources	in	terrestrial	environments	to	marine	ecosystems.	We	
aim	 to:	 (a)	 synthesize	existing	knowledge	 regarding	 the	 fluxes	and	
effects	of	plastic	pollution	across	hydrological	catchments;	(b)	high‐
light	emerging	areas	 that	 require	 further	 research;	and	 (c)	 identify	
improvements	to	aid	the	development	and	integration	of	catchment‐
scale	research	that	should	ultimately	inform	management	strategies.
2  | FLUXES OF PL A STIC S THROUGH 
HYDROLOGIC AL C ATCHMENTS
Hydrologically	 defined	 river	 catchments	 are	 important	 units	 in	
which	to	consider	the	sources,	fluxes	and	fates	of	plastic	pollution	
(Figure	 1).	 This	 is	 because	 the	 transport	 of	 plastics	 often	 follows	




ecosystems	 and	 ecotypes	 across	 the	 globe	 (Geyer	 et	 al.,	 2017).	
Plastic	particles	are	widespread,	even	in	areas	considered	to	have	
little	to	no	human	influence,	such	as	the	deep	sea,	Arctic	sea	ice	
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and	remote	uninhabited	islands	(Lavers	&	Bond,	2017;	Peeken	et	
al.,	2018;	Peng	et	al.,	2018;	Van	Cauwenberghe,	Vanreusel,	Mees,	
&	 Janssen,	 2013).	 Along	 their	 movement	 from	 source	 to	 sink,	
plastics	 interact	with	 the	 physical,	 chemical	 and	 biological	 envi‐
ronment	 in	ways	 that	depend	on	 the	characteristics	of	 the	plas‐
tic	 (size,	 shape,	 polymer	 type,	 etc.)	 so	 that	 it	 is	 not	 practical	 to	





ments	 is	 analogous	 to	 other	 catchment‐scale	 processes	 involving	


























2016;	Galloway,	Cole,	&	Lewis,	2017)	yet	 is	key	 to	 supporting	 the	
estimation	of	ecological	risk	across	systems.
The	characteristics	of	hydrological	 catchments	have	 important	
implications	 for	 the	 flux	 of	 plastic	 pollution	 across	 the	 landscape.	




as	well	 as	 the	 likelihood	of	 temporary	 storage	 across	 ecosystems.	
Limited	information	exists	at	the	catchment‐scale,	however,	and	too	


















landscapes	 (Horton,	 Svendsen	 et	 al.,	 2017;	 Zubris	 &	 Richards,	
2005).	 The	 flux	 of	 plastics	 from	 this	 activity	 is	 potentially	 im‐




biosolids	 (Mahon	 et	 al.,	 2017).	Within	 Europe,	 Nizzetto,	 Futter	






age	and	release	 from	 landfills	provide	significant	 inputs	of	plas‐
tic	(Lechner	&	Ramler,	2015;	Sadri	&	Thompson,	2014).	The	large	
production	of	plastics	in	terrestrial	systems,	limited	land	area	and	
range	of	distribution	processes	may	 result	 in	 a	greater	environ‐
mental	concentration	within	these	ecosystems,	compared	to	ma‐
rine	environments	(Horton	et	al.,	Horton,	Svendsen	et	al.,	2017).




&	Souza	Machado,	2017).	 Empirical	 data	 indicate	 that	plastics	 are	
incorporated	 into	 earthworm	 casts	 (Huerta	 Lwanga	 et	 al.,	 2017),	
and	 also	 that	 polyethylene	microbeads	 (0.71–2.8	mm)	 reach	 down	
into	 the	 subsurface	 through	earthworm	burrows	 (Rillig,	Ziersch,	&	
Hempel,	 2017).	 The	 concentration	 of	 plastic	 in	 soils	 varies;	 river	
floodplains	 across	 Switzerland	 revealed	 relatively	 low	 concentra‐
tions	 of	 microplastics	 (0–55.5	mg/kg,	 Scheurer	 &	 Bigalke,	 2018),	








et	 al.,	 2015;	 Duis	 &	 Coors,	 2016;	Wagner	 et	 al.,	 2014).	 Although	
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2018).	Plastics	enter	 the	atmospheric	 system	 through	a	variety	of	
pathways	 across	 catchments,	 including	 combustion	of	waste	 plas‐
tic,	wind	erosion	of	various	media,	urban	dust	(including	tyre	wear	




in	 the	atmosphere	 if	 they	have	certain	characteristics	 (e.g.	dispos‐
able	plastic	bags	and	balloons).	Significant	concentrations	of	plastic	












evidence	 of	 long‐range	 atmospheric	 flows	 of	 plastic,	 microplastic	
pollution	occurs	in	remote	environments	such	as	alpine	lakes	(Free	







Freshwater	 ecosystems	 include	 a	 diverse	 array	 of	 running,	 stand‐
ing,	 surface	 and	underground	waterbodies.	Running	waters	 act	 as	
conduits	connecting	terrestrial,	freshwater,	transitional	and	marine	
systems,	 providing	 an	 important	 long‐range	 transport	 pathway	 as	
well	as	storage	opportunities	in	some	benthic,	floodplain	or	riparian	











































floodplain	 and	 transitional	 ecosystems	 within	 their	 catchments.	
Theoretical	 and	 modelling	 assessments	 support	 the	 notions	 of	
particle	transfer	across	habitats,	but	also	demonstrate	significant	
storage	under	certain	conditions	(see	Nizzetto,	Bussi	et	al.,	2016).	
The	 retention	 and	 transport	 of	 plastics	 are	 a	 product	 of	 parti‐
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column,	with	 significant	 transport	observed	both	on	 the	 surface	
(Dris,	 Imhof	 et	 al.,	 2015;	 Lechner	 et	 al.,	 2014)	 and	 subsurface	
(Morritt,	 Stefanoudis,	 Pearce,	 Crimmen,	 &	 Clark,	 2014)	 of	 river	
systems.
The	 interaction	 between	 storage	 and	 flux	 processes	 is	 high‐
lighted	in	a	recent	study	by	Hurley	et	al.	(2018),	which	indicates	the	
significant	mobilization	and	removal	of	sedimentary	microplastics	in	
response	 to	 high	 flow	events.	 In	 this	 example,	 0.85	±	0.27	 tonnes	
of	plastic	was	removed	from	a	single	catchment	during	an	 individ‐
ual	 flood	event	 (Hurley	et	al.,	2018).	Similar	 flood	events	may	also	
be	responsible	for	distributing	plastics	onto	floodplains.	The	net	or	














viously,	 it	 is	estimated	that	 fluxes	of	plastics	 from	rivers	provide	a	
major	 input	of	macro‐	and	microplastics	 into	marine	environments	
across	the	globe	(Lebreton	et	al.,	2017;	UNEP,	2016).	With	50%	of	
the	 global	 population	 residing	within	 31	km	 of	 the	 coast	 (Small	 &	
Cohen,	2004),	direct	 inputs	of	plastics	are	also	 likely	 to	be	signifi‐
cant.	Finally,	industrial	activity,	such	as	commercial	fishing,	contrib‐











oceanic	 gyres,	 appear	 responsible	 for	 the	 observed	 patchiness	 of	
plastic	 distribution	within	marine	 systems	 (Kukulka,	Proskurowski,	
Morét‐Ferguson,	Meyer,	&	 Law,	 2012;	 van	 Sebille	 et	 al.,	 2015).	 In	
coastal	regions,	local	hotspots	may	also	be	generated	by	the	influx	of	
plastics	from	river	systems	(Frias,	Otero,	&	Sobral,	2014).
Although	 not	 commonly	 appreciated,	 plastics	 are	 also	 trans‐
ported	 out	 of	 marine	 and	 coastal	 ecosystems	 to	 terrestrial	 and	
atmospheric	 environments	 through	 wind	 and	 wave	 action	 (e.g.	
storm	surges)	(Hoffmann	&	Reicherter,	2014;	Horton	et	al.,	Horton,	
Svendsen	et	al.,	2017).	These	transport	pathways	redeposit	plastic	
to	 coastal/terrestrial	 systems.	 For	 example,	 a	 large	 proportion	 of	
plastic	 litter	present	across	coastal	 regions	 is	derived	 from	marine	

















ecosystems,	 as	well	 as	 riparian	 ecotones,	 have	 received	 relatively	
limited	attention.	Yet	the	potential	for	these	ecosystems	to	signifi‐
cantly	influence	the	storage	and	flux	of	plastics	could	be	substantial.
Within	 the	 cryosphere,	 the	 remobilization	 of	 plastics	 result‐







8.7 × 1020 MP	in	the	size	range	of	0.011–5	mm	(Peeken	et	al.,	2018).	




Groundwater	 systems	 provide	 important	 stores	 and	 transfer	
pathways	of	pollutants,	for	example,	pesticides	(Toccalino,	Gilliom,	







Riparian	 ecotones,	 as	 the	 main	 interface	 between	 terrestrial	
and	 freshwater	 systems,	 are	 obvious	 locations	 for	 plastic	 transfer	
and	 storage.	 Recent	 studies	 have	 used	 citizen	 science	 techniques	
to	 quantify	 the	 levels	 of	 macroplastic	 litter	 along	 riverbanks	 and	
riparian	 zones,	 observing	 an	 average	 of	 0.54	±	1.2	litter	 items/m2 
across	Germany	(Kiessling	et	al.,	2019).	Riparian	zones	likely	provide	
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temporally	variable	effects	on	the	storage	and	transfer	of	plastic	pol‐
lution.	For	example,	during	floods,	plastics	are	prone	to	deposition	






3  | BIOLOGIC AL RETENTION AND 














plastic	 particles	may	be	 retained	 through	 transfers	 through	multi‐
ple	pathways	(Windsor,	Tilley,	Tyler,	&	Ormerod,	2019)	and	cycling	
between	 trophic	 levels,	moving	upwards	 through	 the	 food	web	as	
a	 consequence	 of	 predation	 (e.g.	Nelms,	Galloway,	Godley,	 Jarvis,	
&	 Lindeque,	 2018)	 and	 re‐entering	 the	 basal	 resources	 through	
egestion.	The	residence	time	of	plastic	particles	within	the	biologi‐





tems,	ultimately	however,	 is	 restricted	with	 the	majority	of	plastic	
particles	likely	to	return	to	the	environments	from	which	they	were	
sequestered,	 through	a	 series	of	processes	 including	egestion	and	
decomposition	(Wright,	Thompson,	&	Galloway,	2013b).



















4  | ECOLOGIC AL EFFEC TS OF PL A STIC S
Impacts	 on	 organisms	 and	 ecological	 processes	 from	 exposure	 to	
plastic	may	stem	from	an	array	of	mechanisms.	While	current	litera‐
ture	predominantly	reports	physical	impacts	on	biota	or	ecosystem	






external	 physical	 damage.	 Although	 the	majority	 of	 information	
available	 implicates	 large	plastic	 items,	 for	 example,	 fishing	nets	
and	rope	(e.g.	Jacobsen,	Massey,	&	Gulland,	2010),	these	physical	
effects	also	pose	a	problem	for	small	organisms.	For	example,	zoo‐
plankton	 exposed	 to	 microplastic	 fibres	 (1.7	×	104	–	5.4	×	105 fi‐
bres/L)	 were	 observed	 with	 antennal	 and	 carapace	 deformities	
resulting	 from	 external	 damage	 (Ziajahromi,	 Kumar,	 Neale,	 &	
Leusch,	2017).	The	concentrations	utilized	within	this	study,	how‐
ever,	 do	 not	 represent	 environmentally	 relevant	 concentrations.	
Observations	in	terrestrial	systems	have	also	identified	the	lethal	
effects	 of	 entanglement	 on	 American	 crow	 (Corvus brachyrhyn‐
chos;	Brehm,	1822)	nestlings	(Townsend	&	Barker,	2014).	The	ef‐
fects	of	entanglement,	however,	occur	at	the	individual	level,	and	
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there	 remains	 limited	 evidence	 to	 suggest	 that	 these	 frequently	
lethal	impacts	scale‐up	to	affect	populations.	Furthermore,	the	ef‐
fects	of	plastic	exposure	on	sensitive	tissues	have	generally	been	




blockages	 in	 the	digestive	 tracts	of	organisms	attracting	attention	
(Derraik,	2002;	Gall	&	Thompson,	2015).	These	effects	are	observed	







several	 subsequent	 impacts,	 including	 reduced	 feeding,	decreased	
activity,	reduced	reproductive	output	and	eventually	mortality	(see	













and	 carapace	 damage	 in	 water	 fleas	 (Ceriodaphnia dubia;	 Richard,	
1894)	(Ziajahromi	et	al.,	2017).
In	 addition	 to	 physical	 effects,	 plastics	 can	 also	 leach	 toxic	





their	 specific	properties.	Over	 time,	 these	additives	 leach	out	and	
can	often	act	as	toxic	or	endocrine	disrupting	chemicals	within	the	
environment	 (Hermabessiere	 et	 al.,	 2017).	 A	 wide	 range	 of	 toxic	
compounds	have	been	 identified	 as	 plastic	 additives,	 including	bi‐
sphenol	a	(BPA),	nonylphenol,	polybrominated	flame	retardants	and	
phthalates	(Hermabessiere	et	al.,	2017).	These	leachates	have	been	
shown	to	negatively	affect	development	 in	 the	early	 life	stages	of	
invertebrates	 (Nobre	et	al.,	2015),	while	also	generating	reproduc‐
tive	 abnormalities	 in	 a	 range	 of	 organisms	 (Browne,	 Galloway,	 &	
Thompson,	2007).
Plastics	may	act	as	vectors	within	 the	environment,	enhancing	
the	 transport	 of	 persistent	 organic	 pollutants	 (POPs)	 and	 other	
chemicals	 through	 biotic	 and	 abiotic	 components	 of	 ecosystems	
(Ziccardi,	 Edgington,	 Hentz,	 Kulacki,	 &	 Kane	 Driscoll,	 2016).	 The	






shown	 increased	 bioaccumulation	 of	 chemicals	when	 adsorbed	 to	





plastics	 (polyethylene	 and	 polypropylene),	 with	 only	 hydrophobic	
compounds	shown	to	consistently	absorb	to	particles	(Seidensticker,	
Grathwohl,	Lamprecht,	&	Zarfl,	2018).	Other	studies	have	indicated	






















zation	 of	 aquatic	microbial	 biofilms	 (McCormick,	Hoellein,	Mason,	
Schluep,	&	Kelly,	2014).	Similar	findings	have	been	presented	within	
marine	 systems,	 with	 diatoms,	 phytoplankton	 and	 cyanobacte‐
ria	 colonizing	plastic	particles	 suspended	within	 the	water	column	
(Oberbeckmann,	 Osborn,	 &	 Duhaime,	 2016;	 Reisser	 et	 al.,	 2014;	
Zettler,	Mincer,	&	Amaral‐Zettler,	 2013).	While	 in	 some	 instances,	
the	 microbial	 communities	 on	 these	 plastic	 particles	 maintained	
comparable	 species	 richness	 and	 evenness	 to	 communities	 pres‐
ent	 on	 natural	 substrates	 (Zettler	 et	 al.,	 2013),	 other	 studies	 (e.g.	
McCormick	et	al.,	2014)	demonstrated	that	microbial	communities	
inhabiting	microplastic	 particles	maintained	 a	 different	 taxonomic	
structure	to	those	present	in	the	water	column	and	on	suspended	or‐
ganic	matter.	An	increasing	body	of	research	has	also	identified	the	
colonization	 of	 plastic	 particles	 by	 harmful	microbes,	which	 could	
lead	 to	 further	deleterious	effect	upon	organisms	 interacting	with	
these	 particles	 (Keswani,	Oliver,	 Gutierrez,	 &	Quilliam,	 2016).	 For	













and	 food	 web	 level	 effects	 remains	 restricted.	 As	 highlighted	 by	
Koelmans	et	al.	 (2017),	a	range	of	 issues	currently	 limit	our	under‐
standing	 of	 the	 ecological	 risks	 resulting	 from	exposure	 to	 plastic	
pollution.	The	majority	of	current	individual‐level	assessments	suf‐
fer	from	three	dominant	limitations;	(a)	the	absence	of	ecologically	
relevant	 metrics;	 (b)	 a	 limited	 understanding	 of	 organism‐plastic	
encounter	 rates	 for	given	exposure	concentrations;	and	 (c)	 the	 re‐
stricted	development	of	dose–response	relationships	across	suitable	
concentration	 ranges.	As	a	 result,	 the	 individual‐level	and	 in	some	
cases	 population	 effects	 identified	 within	 contemporary	 experi‐
mental	assessments	are	not	directly	applicable	to	natural	systems.	
Developing	an	 improved	mechanistic	understanding	of	 the	effects	
of	 plastic	 pollution	 as	well	 as	 following	 lessons	 learnt	 in	 previous	
environmental	toxicology	assessments	(e.g.	nonmonotonic	relation‐
ships,	mixture	effects,	 indirect	effects)	 is	 likely	to	 improve	our	un‐
derstanding	of	the	ecological	risks	posed	by	plastic	pollution.
5  | UNDERSTANDING PL A STIC–BIOTA 
LINKS
The	mechanisms	through	which	plastic	exposure	effects	occur	are	
strongly	 dependent	 on	 the	 characteristics	 of	 plastic	 particles,	 in‐








The	 relationship	 between	 organisms	 and	 plastic	 size	 appears	
particularly	important	in	determining	the	nature	and	severity	of	eco‐






ent	 the	potential	 for	gastrointestinal	blockages	 (Gall	&	Thompson,	
2015).	Finally,	particles	 that	are	 ingestible	 in	 size,	yet	 too	small	 to	
present	physical	 risks	 (e.g.	digestive	blockages	and	entanglement),	
propose	 a	 large	 range	 of	 potential	 effects,	 including	 the	 leaching	
of	 toxic	 chemicals	 directly	 to	 organisms	 (e.g.	 Teuten	 et	 al.,	 2009).	













Thus	 far,	 the	 observed	 effects	 of	 plastic	 pollution	 are	 mainly	
limited	 to	 the	 size	 classes	 utilized	 in	 experimental	 manipulations	
(0.04–500	μm)	 (Foley	 et	 al.,	 2018)	 or	 the	 size	 classes	 observed	 in	











6  | PL A STIC POLLUTION IN A SOCIAL 
AND ECONOMIC CONTE X T
Plastic	 has	 many	 societal	 benefits	 and	 has	 promoted	 a	 range	 of	
technological	advances.	However,	increasing	awareness	of	potential	
environmental	 impacts,	hitherto	focused	predominantly	on	marine	
systems	 (Thompson,	 2017),	 is	 also	 highlighting	potential	 knock‐on	
effects	across	a	range	of	economic	sectors,	including	the	water	in‐
dustry,	 tourism	and	fishing.	Data	are	geographically	restricted,	yet	
indicate	 the	 potential	 for	 widespread	 socio‐economic	 effects	 of	
plastic	pollution.
Fishing	 activity	 (commercial	 and	 recreational),	 in	 particular,	
































nevertheless,	 the	 vast	majority	 of	 these	 incidents	 relate	 to	metal	
and	glass	as	opposed	to	plastic.	Psychological	effects	of	plastic	litter	
are	also	observed	with	negative	effects	on	 the	 “restorative	value”	
generated	 by	 visiting	 a	 polluted	 habitat	 (Wyles,	 Pahl,	 Thomas,	 &	
Thompson,	 2016).	 The	 health	 of	 individuals	may	 also	 be	 affected	
by	 any	 of	 the	 suite	 of	 effects	 highlighted	 in	 the	 previous	 section	













sive	 species,	 for	example,	 is	unknown.	Within	 the	 terrestrial	 envi‐
ronment,	nevertheless,	recent	investigations	across	soil	ecosystems,	
plastics	have	been	identified	as	a	potential	agent	of	global	change,	




fects	 of	 other	 xenobiotic	 pollutants,	 in	 this	 case	 the	 antimicrobial	
chemical	 triclosan	 (Syberg	 et	 al.,	 2017).	 The	 interactions	 between	









ics	 of	 plastics	 within	 natural	 systems.	 This	 review	 highlights	 that	




logical	 next	 step	 in	developing	 a	 comprehensive	body	of	 research	
assessing	catchment‐scale	transport	and	effects	of	plastic	pollution.	
To	 date,	 empirical	 studies	 have	 focused	 on	 individual	 	ecosystems	
providing	 an	 analysis	 of	 plastic	 distribution	 and	 plastic–organism	
	interactions.	 Catchment‐scale	 assessments	 are	 an	 important	 next	
step	for	research,	particularly	to	underpin	the	management	of	plastic	
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sources	 from	a	more	 informed	perspective.	 Several	 important	de‐
velopments	 required	 to	 facilitate	 the	 advance	 of	 catchment‐scale	
investigations	are	detailed	in	the	following	sections.




environment,	 tracing	 sources	 becomes	 problematic.	 Furthermore,	
the	longer	particles	are	exposed	to	physical,	chemical	or	biological	
processes,	 the	 more	 their	 transformation	 exacerbates	 difficulties	
identifying	 sources.	Novel	methods	of	 tracing	plastics	have	yet	 to	
be	developed,	 yet	 using	 tracer	 studies	 to	 support	 existing	models	
will	allow	for	directed	research	projects	attempting	to	bridge	current	
knowledge	gaps.
8.2 | Hotspots and sinks of plastic pollution
Knowledge	surrounding	 the	distribution	of	plastic	pollution	across	
catchments	 is	 limited.	Understanding	where	 and	 how	 high	 plastic	
concentrations	arise	 in	space	and	time	is	required	for	assessments	
detailing	 how	 plastic	 concentrations	may	 vary	 across	 hydrological	
















of	 plastic	 sources,	 in	 particular	 diffuse	 contributions,	 is	 required	
to	 better	 resolve	 the	 source–flux–sink	 nexus	 within	 catchments,	
detailed	 in	 previous	 sections.	Developing	more	 accurate	methods	
of	 quantification	 designed	 to	 detect	 low	 concentrations	 of	 plastic	
and	nanoplastics	will	enable	the	detection	of	a	wider	range	of	plas‐
tics	(e.g.	tyre	dust),	allow	for	an	improved	understanding	of	plastic	
pollution	 across	 catchments	 and	 bridge	 the	 current	 gap	 between	
estimated	inputs	of	plastic	into	catchments	and	measured	environ‐
mental	 concentrations.	 Furthermore,	 standardizing	measurements	
across	 samples	 to	 allow	 for	 comparison	 among	 studies,	 sources	
and	 environment	 is	 important	 (Filella,	 2015),	with	 the	 diversity	 of	
current	 measurements	 limiting	 an	 understanding	 of	 the	 relative	
concentrations	of	plastic	pollution	across	the	environment.	Through	







8.4 | Determining the applicability of catchment 
assessments
Catchment‐scale	assessments	are	dependent	on	catchment	charac‐
teristics,	 including	 but	 not	 limited	 to	 size,	 relief,	 land	 cover,	water	
quality,	 hydrological	 connectivity	 and	 geomorphological	 features.	
The	degree	to	which	plastic	studies	within	individual	catchments	are	
applicable	across	 the	wider	 landscape	 is	unknown.	To	answer	 this	
question,	multiple	catchment	assessments	are	required	to	determine	
the	relative	importance	of	catchment‐specific	processes	(e.g.	hydro‐
logical	 flow	paths,	 subsurface	 characteristics	 and	 catchment	 geol‐





8.5 | Progressing from descriptions of the 
occurrence of plastics within catchments to assessing 
ecological effects
Given	the	increasing	number	of	studies	detecting	or	illustrating	the	
ubiquity	 of	 plastics	 in	 global	 ecosystems,	 including	 across	 catch‐
ments,	we	suggest	a	need	for	a	move	to	understanding	effects	on	
populations,	 communities	 and	 ecosystem	 functions,	 for	 example,	
food	web	transfer.
9  | CONCLUSIONS
Our	 understanding	 of	 the	 effects	 of	 plastics	 within	 ecosystems	
indicates	 the	 potential	 negative	 effects	 of	 these	 pollutants	
when	 present	 in	 smaller	 fragments	 as	 well	 as	 macrofragments.	





for	 effects	 coupled	 with	 recent	 research	 indicating	 the	 relative	
global	ubiquity	of	plastics	provides	a	perceivable	 risk	 to	a	 range	
of	ecosystems.	In	spite	of	this,	we	are	only	starting	to	understand	
the	fluxes	and	pools	of	plastics	within	a	range	of	ecosystems.	This	
knowledge	 is	 nonetheless	 fundamental	 for	 mitigating	 existing	
and	 future	 plastic	 pollution.	 It	 is	 apparent	 that	 further	 research	




by	 plastics	 remains	 absent	with	 a	 range	of	 potential	 adverse	 ef‐
fects	remaining	unexplored.	The	existing	ecological	risk	presented	
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